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Abstarct 
This study aimed at investigating the relationship between iron status and the type of milk and weaning solid foods 
in a group of infants aged 6 - 12 months in Sakeb Health Center in Jerash Governorate, Jordan. In this cross-
sectional study, a sample of 119 infants (59 females, 60 males), were recruited , A special questionnaire was used 
to collect socioeconomic data for the infants’ families, and three- day food recall was also used to collect infants 
dietary intake data. Body weight, length and head circumference were measured, and z-score was calculated for 
evaluating the anthropometric status. Hemoglobin (Hb), mean cell volume (MCV) and serum ferritin 
concentrations (SF) were measured on nonfasting venipuncture blood samples. The studied sample was divided 
into three groups according to type of feeding: exclusively breastfed group (n=41), formula-fed group (n=49) and 
mixed-fed group (n=29).The results showed that among infants with Hb <110 g/l, MCV<70fl and SF <12 µg/l, 
10.1% had iron deficiency anemia (IDA). Anemia was found in 36.9% when hemoglobin cutoff was taken to be 
<110 g/l, and depleted iron stores were found in 27.7% using a ferritin cutoff <12 µg/l. Among the breastfed group, 
incidence of IDA, anemia and depleted iron stores were the highest compared to the other two groups. No 
significant differences for Hb, MCV, and SF values existed between males and females although female infants 
tended to have higher hemoglobin, MCV, and serum ferritin values than male infants.Mean intake of iron was the 
highest among infants of formula-fed group (7.82 mg/day), as compared with breastfed and mixed-fed groups 
(2.75 and 4.23 mg/day respectively).No significant differences were observed between infants in any of the 
anthropometric measurements. Based on z-score, 1.7% of infants in breastfed group and formula-fed group were 
stunted compared with 0.8% in the mixed-fed group, whereas 2.5% of infants were overweight in the formula-fed 
group.It could be concluded that iron deficiency is common in infants in Jerash Governorate, since up to 10% of 
the recruited infants developed IDA, 37% developed anemia, and 28% had depleted iron stores.  
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1. Introduction 
Infancy is a critical period of growth and brain development, and over this period micronutrient deficiencies, 
specifically iron deficiency (ID), could lead to cognitive impairment and cause a serious hazard to long term 
development (Atkins et al., 2016; Qasem, 2015, Black et al., 2008,). Iron is particularly important in fetal–maternal 
nutrition (Mosha et al., 2016). Anemia in early pregnancy, particularly "iron deficiency anemia" (IDA), is 
associated with increased risk of adverse outcomes of pregnancy, higher rates of preterm delivery, lower birth 
weight and poor neonatal iron stores (Scholl, 2011). 
IDA most commonly affects infants 6 - 12 months old due to incremented needs for iron, which their diet 
cannot provide (Pasricha et al., 2013).  Also many dietary factors affect iron bioavailability and lead to increased 
loss of iron such as phytates (bread) and tannins (tea) (WHO, 2001). Additionally, it was found that infants and 
children who consume whole cow milk are at higher risk to develop iron deficiency anemia. Not only cow milk is 
a poor source of iron, but also it increases the amount of occult intestinal blood loss (Ziegler, 2011; Sabri, 2001). 
Hopkins et al. (2007) concluded that there is an association between hemoglobin concentrations and iron 
stores at 8 and 12 months and the type of milk fed at 8 months. At that age range, both cow milk and human milk 
feeding were correlated with lower indices of ferritin and a higher incidence of anemia than formula feeding. 
Assessing iron status in infancy is important since infants over 6 months of age and toddlers are at high risk to 
develop ID because they require more iron for growth. This high need increases with age when body iron stores 
are depleted, dietary patterns are not yet well developed and intakes of meat are often low (Soh et al., 2004). 
Iron deficiency anemia is the most common nutrient deficiency in the developed world, especially among 
infants and young children (Hopkins et al., 2007). Many studies that assessed the iron status in infants and young 
children found a relationship between iron deficiency anemia and impaired cognitive and psychomotor 
development. These studies have attracted a massive consideration since iron deficiency anemia is common among 
this age group (Krebs et al., 2017). Treatment with iron can reestablish iron sufficiency and reverse the anemia, 
but the poorer developmental functions still persist, thereby, intervention should focus on the primary prevention 
of iron deficiency (Beard, 2008). Therefore, the objective of this study is to assess the nutritional status of iron in 
infants according to type of milk and certain foods consumed and to identify the factors related to iron status and 
the type of feeding in healthy term infants aged 6-12 months in Jerash Governorate. 
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2. Subjects and Methods 
2.1. Subjects 
A convenient sample consisted of 119 healthy full term infants, aged 6-12 months (60 males and 59 females). 
They were recruited randomly from Sakeb Health Care Center in Jerash Governorate, between October 2014 and 
November 2015. Inclusion criteria were: being full term infants, apparently healthy, and those who were not 
subjected to serious medical treatment. The criteria were obtained from the infant’s file by the nurse and the 
researcher. The exclusion criteria of the infants included the presence of chronic diseases, presence of diarrhea, 
those who ever received iron supplements, preterm infants and children born to iron-deficient mothers. Also infants 
from iron deficient mothers at the time of the study were excluded to minimize confounding factors. One infant 
with thalassemia was diagnosed and excluded from the study. 
The population sample consisted of 41 exclusively breastfed infants, 49 formula-fed infants and 29 mixed-
fed infants. The formula-milk group consisted of those who were fed formula with or without cow milk, whereas 
the mixed-fed group consisted of those who were fed breast milk with or without infant-formula and/or cow milk. 
Ethical approval was obtained from Sakeb Health Care Center and from the Deanship of Academic Research at 
the University of Jordan and the Ministry of Health. All participants’ mothers received full information about the 
nature, objectives, and main method of the study prior to asking them to provide a written consent. 
 
2.2. Socioeconomic information 
Basic information was obtained about the infant including name, sex, date of birth and birth weight. Also the 
questionnaire included the information about the mother: age, educational level, family income, number of 
children, and relative’s marriage.  
 
2.3. Health and life style information 
These included questions on the use of supplements by mothers and infants, and whether mothers were anemic 
during pregnancy. 
 
2.4. Dietary assessment 
Information on the current infant feeding practices was collected during the interview with the mother. For 
breastfed infants, information was collected about the frequency and duration of each feeding; for formula-fed 
infants information was collected about number of feeds per day, volume of each feed, type of formula, and the 
method of preparation. Infants' mothers were also requested to fill a three days food recall for their infants during 
the previous three days (2 week days and one weekend day). Mothers were thoroughly instructed on how to write 
the infants food intake and accurately describe food portion sizes, dish composition, food varieties, and preparation 
methods. Detailed information of all foods and beverages including brand names, method of preparation, and 
amount and ingredients of dishes were also collected. 
 
2.5. Anthropometric measurements 
Weight, length and head circumference of infants enrolled in the study were taken by the nurse at the time of the 
study following a standard procedure (Lee and Neiman, 2010). Infants were weighed to the nearest 0.05 kg using 
pan-type baby weighing electronic scale (Charder, China). Length was measured to the nearest 0.1 cm using a 
stadiometer (Seca, Germany). Head circumference was measured with a flexible, nonstretchable measuring tape 
to the nearest 0.1 cm. Body mass index (BMI) was calculated as weight (kg)/length (m²). 
 
2.6. Biochemical analysis 
A venous blood sample of about 4 ml was obtained from the hand of the infant by a specialist nurse from the 
Neonatal Intensive-care Unit (NICU) at Jerash Hospital with a 5 ml syringe. Blood sample of 2 ml was collected 
in sterile vacuum tubes containing K3EDTA. These samples were analyzed on the same day by electronic count 
(sysmex k21), to determine complete blood count. Another blood sample of 2 ml was collected in another sterile 
vacuum tube containing gel that accelerated clotting in order to obtain serum for ferritin analysis. The samples for 
serum ferritin analysis were centrifuged on the same day of collection and ferritin measurement was done at 
modular cobas 6090 seq: 32290 and results were obtained.               The following cut-offs recommended by WHO 
were used: Hemoglobin (Hb) <110g/l, MCV<70fl, SF<12µg/l (WHO, 2001; WHO, 2017). Anemia was defined 
as Hb<110g/l, and depleted iron stores as SF<12µg/l. Iron deficiency anemia (IDA) was defined as Hb<110g/l+ 
MCV<70fl+ SF <12µg/l. 
 
2.7. Statistical analysis 
Statistical analysis was performed using the statistical package for social sciences, version 22 (SPSS for Windows, 
Rel. 22.0. 2013 Chicago: SPSS Inc.). Descriptive statistics was used to describe the demographic data of the sample 
population. Two independent t-tests and one –way analysis of variance (ANOVA) were used to determine whether 
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there are any significant differences between the means of categorical variables. Two-way ANOVA was used to 
obtain significant differences between the mean of variables according to the interaction between two factors.  Post 
hoc tests (Tukey and Bonferroni tests) were developed to compare the means and percentage of the variables and 
exploration of the differences among them. Chi square test was constructed to measure if there is any significant 
difference between categorical variables. 
 
3. Results 
A total of 119 infants enrolled in this study were divided according to their type of feeding into: exclusively 
breastfed, formula-fed and mixed-fed infants. Socio demographic characteristics of the sample population are 
presented in Table 1. There were no significant differences in descriptors of socio-demographic status between the 
breast-fed infant group, formula-fed infant group and mixed-fed infant group with respect to infant sex, birth 
weight, family number, family income, mother’s age, mother’s educational level, mother’s assistance in child 
feeding and relatives’ marriage.  
Table 2 shows the dietary characteristics of the study groups according to infant’s age. Findings indicate that 
there were no significant differences in energy intake (kcal/day), CHO intake (g/day) and fat intake (g/day) among 
infants of different age groups. In addition, there were no significant differences in protein intake (g/day) among 
infants at different ages. On the other hand, among infants at 6 and 7 months of age, vitamin C  intake (mg/day) 
was significantly (P<0.05) higher compared to that of infants between 8-9 and 10-12 months of age. There were 
no significant differences in calcium intake (mg/day) between infants at different ages. Among infants 6 -7 months 
of age, iron intake was significantly (P<0.05) higher compared to infants between 8-9 and 10-12 months of age. 
Table 3 demonstrates the percentage of infant whose energy intake was lower than 80% or higher than 120% 
of DRI. At 6 months of age, 3 infants (2.5%) had lower than 80% of the recommended intake of energy, whereas 
1 infant (0.8%) at 7 months of age had lower than 80% of the recommended intake of energy, compared to 2 
infants (1.7%), who had  above 120% of the recommended intake at the same age. Also 1 infant (0.8%), at 8 
months of age had lower than 80% of the recommended intake of energy, while 12 infants (10.1%) at 9 months of 
age had lower than 80% of the recommended intake of energy. At the same age, 2 infants (1.7%) were  above 120% 
of the recommended intake of energy, 15 (12.6%) at 10 months of age had  lower than 80% of the recommended 
intake of energy, 23 infants (19.3%) at 11 months of age had  lower than 80% of the recommended intake of 
energy, compared to 3 infants (2.5%) who had  above 120% of the recommended intake of energy, and 11 (9.2%) 
infants at 12 months of age had  lower than 80% of the recommended intake of energy.  
The mean iron intake and its percent from recommendation (DRI) by infants according to type of feeding and 
age are given in table (4). It was found that the mean values of total intake of iron in breastfed, formula-fed and 
mixed-fed infants were 2.75 ± 2.66, 7.82 ± 5.94 and 4.23 ± 2.36 mg/day respectively. It is apparent that the mean 
value of total iron intake was the highest (7.82 ± 5.94) in the formula-fed group but without any significant 
difference among the breastfed, formula-fed and mixed-fed groups or between age groups. As a percent of 
recommended iron intake, the breastfed, formula-fed and mixed-fed infants got 24.84 ± 24.23, 65.11 ± 41.12 and 
38.38 ± 21.53 % respectively. The mean percent of recommended iron intake was the highest (65.11 ± 41.12) in 
the formula-fed group but without any significant difference among the 3 groups. 
Table 5 shows the anthropometric characteristics of infants according to sex. There was no significant 
difference between infants according to sex at all age groups.  
Table 6 demonstrates the values of hemoglobin, MCV and serum ferritin of the infants according to type of 
feeding. As shown in the table, there was a significant (P<0.05) difference in hemoglobin level among breastfed, 
formula-fed and mixed fed infants. 
Table 7 shows the incidence of iron deficiency anemia (IDA), anemia and depleted iron stores according to 
type of feeding. Nine infants (7.6%) had IDA, (Hb <110 g/l, MCV <70 fl and serum ferritin of <12 µg/l), whereas 
22 infants (18.5%) had anemia (Hb <110 g/l), and 22 infants (18.5%) had depleted iron stores (serum ferritin <12 
µg/l) in the breastfed group. However, among the formula-fed group, the incidence of IDA, anemia, and depleted 
iron stores were 3 (2.5%), 13 (10.9%) and 7 (5.8%) respectively. Whereas, among the mixed-fed group, the 
incidence of IDA, anemia, and depleted iron stores were 4 (0%), 9 (7.6%) and 4 (3.4%), respectively. 
Table 8 shows the mean values of Hb, MCV, and serum ferritin for all study groups. There were 44 infants 
(36.9%) who had anemia (Hb<110 g/l), 12 infants (10.1%) who had iron deficiency anemia (Hb <110 g/l, MCV 
<70 fl and serum ferritin <12 µg/l) and about 33 (27.7%) infants had depleted iron stores (serum ferritin <12 µg/l). 
 
4. Discussion 
Iron deficiency is considered one of the most common micronutrient deficiencies in the world. Preschool children, 
in particular, are reported to be victims of iron deficiency anemia. The aim of this study was to investigate the 
nutritional status of iron in a sample of healthy infants in Jerash Governorate aged 6-12 months through assessing 
the dietary intake of iron in infants according to type of feeding.The importance of this study comes from the fact 
that there is scarcity of data on nutritional assessment of iron among infants in Jordan, as related to type of feeding.  
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Few studies have shown that a high prevalence of ID and IDA are common among infants and young children 
in the developing countries and Jordan (Nusair et al., 2011; Lutter, 2008; Dewey and Chaparro, 2007; Lozoff. 
2007; Siti-Noor et al., 2006). This could be attributed to prolonged breastfeeding beyond six months of age (Dewey 
and Chaparro, 2007).  Our results seem to be consistent with those studies; breastfed infants had the lowest mean 
of hemoglobin (105.43 ± 12.04 g/l), compared with formula-fed infants and mixed-fed infants (115.12 ± 9.19 g/l) 
and (112.89 ± 9.15 g/l) respectively. Also breastfed infants had lower mean MCV (69.95 ± 7.21 fl), compared with 
formula-fed infants and mixed-fed infants (71.39 ± 4.40 fl) and (71.31 ± 5.21 fl) respectively. In addition, breastfed 
infants had lower mean serum ferritin (28.51 ± 71.43 µg/l), compared with formula-fed infants and mixed-fed 
infants (39.16 ± 41.23 µg/l) and (39.68 ± 30.03 µg/l) respectively.  
The results of the current study show that there were no significant differences in mean energy intake among 
different age groups. However, more than half of infants in the whole sample (55.5%) had energy intake <80% of 
DRI, and only 5.7% had energy intake >DRI. The mean energy intake was 721.8 kcal/ day. In contrast to our 
results Atkins et al. (2016) showed that mean energy intake was 841 kcal/day. 
Mean carbohydrates intake was 94.7 g/day for the whole sample. The findings of our study may indicate 
adequate intake of carbohydrate for infants. 
Mean fat intake was 32 g/day for the whole sample: There was no significant difference in fat intake among 
different age groups. This supported the results of Qasem (2015) who found that fat intake did not rise significantly 
after displacement of breast milk intake by complementary foods (Qasem, 2015). 
Mean protein intake was 21.7 g/day for the whole sample. There was no significant difference in protein 
intake among the different age groups, although mean protein intake increased with age. This could be due to high 
consumption of cow milk with age by Jordanian infants; cow milk is not only high in protein and could increase 
risk of adiposity in later childhood, but also it inhibits the non-heme iron absorption (Ziegler, 2011). 
Regarding micronutrient intake, mean vitamin C intake was 60.6 mg/day for the whole sample with no 
significant differences among different age groups.Vitamin C (ascorbic acid) is regarded as key dietary enhancer 
of iron absorption and foods containing vitamin C can increase absorption by 200% to 300% when eaten with 
nonheme foods (Collings et al., 2013; Jarrah et al., 2007). 
Regarding the mean calcium intake, it was 632.8 mg/day for the whole sample with no significant differences 
among different age groups. This result is very high compared with adequate intake of calcium, and it could affect 
the iron status of infants, and seems to be consistent with the results of Hopkins et al. (2007). These authors found 
a negative association between calcium intake and ferritin concentrations. They suggested that for every standard 
deviation increase (about 250 mg) in calcium content of the diet there would be drop in mean ferritin concentration 
by about 20%. In addition, Hallberg and Hulthen (2000) reported that calcium inhibited the absorption of heme 
and non heme iron as well. 
Mean iron intake by the whole sample was (5.20 ± 4.70 mg/day) which is equivalent to 44.4% of the 
recommendation and thus it is inadequate. Our results showed that 83.2% of infants had iron intake below 80% of 
dietary reference intake. This is consistent with the results of Atkins et al. (2016). We found that the mean total 
iron intake was the highest (7.82 ± 5.94 mg/day) in the formula-fed group but without any significant difference 
(P >0.05) in intake among the breastfed, formula-fed and mixed-fed groups or between age groups. It is apparent 
in this study that, the main food sources of iron for infants were iron fortified infant formula and iron fortified 
weaning foods. This is similar to the results of Atkins et al. (2016) who found that the main food sources of iron 
for infants were the infant formula, iron fortified infant products, and cereals. It is also similar to the results of 
Faqih and Qazaq (1999) who reported that the iron-fortified weaning foods are typical weaning foods consumed 
by the Jordanian infants.  
 
Anthropometric measurements 
The results of the current study show a significant difference (P<0.05) in growth between infants with respect to 
age. As expected, infants aged 10, 11 and 12 months had a higher weight, length and head circumference, (9.59 ± 
1.05 kg), (72.58± 8.41cm) and (44.43 ± 1.69 cm) respectively. There was no significant difference in growth 
between sex groups, which is consistent with the results of Thorsdottir et al., (2003) who did not find a difference 
in growth between the sex groups in the study population. 
 
Hemoglobin, MCV and serum ferritin values of the study groups 
The present study found significant differences (P<0.05) in hemoglobin concentrations among breastfed, formula-
fed and mixed-fed infants. Lower hemoglobin concentration in breastfed infants compared with formula-fed 
infants could be due to iron fortification with infant formula and the low value of iron obtained by breastfeeding 
(Domellof et al., 2014). This is consistent with the results of Chandyo et al. (2015) who found lower hemoglobin 
and ferritin concentrations in infants who were exclusively breastfeed for more than 3 months, which is a reflection 
of the low iron content of breast milk.  
There was no significant difference (P<0.05) between MCV and serum ferritin with the type of milk feeding, 
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although serum ferritin was low among breastfed infants and this could be due to the low iron content of breast 
milk as mentioned above (Chandyo et al., 2015). 
Our results show that more than one third (36.9%) of infants developed anemia, (10.1%) had iron deficiency 
anemia and about (27.7%) infants had depleted iron stores. The prevalence of anemia, IDA, and depleted iron 
stores were consistent with Domellof et al. (2014) who found a high prevalence of IDA and depleted iron stores 
during infancy period. 
Regarding type of milk feeding, our results show that the prevalence of IDA, anemia, and depleted iron stores 
among breastfed group was the highest compared with formula-fed and mixed-fed groups. This was consistent 
with the results of Hopkins et al. (2007), who found that both breast milk and cow milk feeding were associated 
with lower indices of ferritin and a higher incidence of anemia than formula feeding. 
 
Conclusions 
• Iron deficiency is common in infants in Jerash Governorate. 
• Up to 10% of Jordanian infants in Sakeb/Jerash 6-12 months-old developed IDA, 37% developed anemia 
and 28% had depleted iron stores. 
• Iron intakes may be inadequate in the Jordanian infants despite the consumption of iron fortified foods. 
• Most healthy term infants do not need exogenous iron during the first 4-6 months of age, but they do after 
that time when their need increases dramatically. 
 
Study Limitations 
• The relatively small sample size. 
• The subjects are not equally distributed in the sample groups according to infant’s age which may affect 
the comparisons. 
• The dietary intake was obtained from infant’s mothers and depended on self-recall which may lead to 
some bias because it relies on their memory. 
• Although the quantity of recorded food items was determined according to given instructions and food 
samples, and is expected to be close to the actual amount; however it could be over or under-estimated. 
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Table 1: Socio-demographic characteristics of the sample population 
Characteristic Breastfed 
infants 
n=41 
Formula-fed 
infants  
n=49 
Mixed-fed 
infants 
n=29 
P-
value 
Infant characteristics 
Infant sex N (%) (% male) 
                           (% female) 
20 (48.8 %) 
21 (51.2%) 
26 (51.0%) 
23 (47.9%) 
14 (48.3%) 
15 (51.7%) 
0.93 
Mean birth weight (kg) ± SD  2.98 ± 0.43 3.06 ± 0.52 3.12 ± 0.48 0.48 
Family characteristics 
Mean family number ± SD 4.56 ± 1.36 4.66 ± 1.89 4.75 ± 1.92 0.89 
Mean family income (JD)± SD 309.7 ± 80.0 358.4 ± 137.8 331.0 ± 93.0 0.11 
Mother’s mean age(years)± SD 28.87 ± 5.21 29.22 ± 5.69 29.68 ± 5.47 0.83 
Mother characteristics 
Mother’s educational level  
Basic  
Secondary 
Diploma 
University 
Postgraduate 
 
3 (7.3%) 
24 (58.5%) 
3 (7.3%) 
11 (26.8%) 
0 (0%) 
 
2 (4.2%) 
17 (35.4%) 
4 (8.3%) 
22 (45.8%) 
3 (6.3%) 
 
1 (3.4%) 
11 (37.9%) 
3 (10.3%) 
13 (44.8%) 
1 (3.4%) 
 
0.43 
Mother’s assistance in child Feeding 
Yes (%) 
Relatives 
Nursery 
Assistant 
Maid  
 
 
35 (85.4%) 
1 (2.4%) 
4 (9.8%) 
1(2.4%) 
 
 
40 (83.3%) 
4 (8.3%) 
2 (4.2%) 
2 (4.2%) 
 
 
27 (93.1%) 
1 (3.4%) 
0 (0%) 
1 (3.4%) 
 
 
0.51 
Relative’s marriage Yes(%) 
                                 No (%) 
13 (31.7%) 
28 (68.3) 
8 (16.7%) 
40 (83.3%) 
4 (13.8%) 
25 (86.2%) 
 
0.16 
1. Values are presented as number (n) of total sample with percentage of infants in each category from the whole 
sample. 
2. Birth weight, family number, family income, and mother’s age presented as mean ±SD.  
 
Table 2: Dietary characteristics of infants according to infant’s age1 
 
Dietary characteristics 
6 -7 months 8 - 9 months 10 - 12 months Whole sample P-
value Mean ± SD Mean ± SD Mean ± SD Mean ± SD 
Energy intake (kcal/day) 791.10±124.41 737.68±  
210.62 
713.32 ±  
221.18 
721.80±205.70   0.61 
CHO intake (g/day) 98.32 ± 17.51 91.70 ± 28.51 98.15 ± 128.39 94.70±  98.90 0.95 
Fat intake (g/day) 34.17 ± 4.74 32.18 ± 9.17 31.76 ± 9.48 32.30±  8.80 0.80 
Protein intake (g/day) 17.60 ± 9.94 20.37 ± 9.94 24.09 ± 11.59 21.70±  11.00 0.13 
Vitamin C (mg/day) 88.78 ± 37.20 61.65 ± 31.67 57.78 ± 34.63 60.6±  33.3 0.07 
Calcium (mg/day) 799.28 ±360.65 567.76± 
359.11 
666.54± 372.72 632.80± 
360.40 
0.23 
Iron (mg/day) 7.25 ± 6.25 4.67 ± 3.80 4.81 ± 4.05 5.20±  4.70 0.01 
  1Data is presented as Mean ± Standard Deviation (Mean ± SD). 
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Table 3: Percentage of infants taking < 80% DRI1 and > 120% DRI1 of energy2 
Energy intake (kcal/day) %  of DRI < 80% %  of DRI 80% - 120% % of DRI > 120%  
P-value n (%) n (%) n (%) 
6 months 3 (2.5%) 6 (5.0%) 0 (0.0%) 0.00 
7 months 1 (0.8%) 5 (4.2%) 2 (1.7%) 
8 months 1 (0.8%)  10 (8.4%) 0 (0.0%) 
9 months 12 (10.1%)  10 (8.4%) 2 (1.7%) 
10 months 15 (12.6%)  4 (3.4%) 0 (0.0%) 
11 months 23 (19.3%)  10 (8.4%) 3 (2.5%) 
12 months 11 (9.2%)  1 (0.8%) 0 (0.0%) 
Whole sample 66 (55.5%) 46 (38.6%) 7 (5.9%) 
1 DRI: Dietary Reference Intake. 
2Data are presented as number of infants and % of the infants from the whole sample. 
 
Table 4: Iron intake and its % from iron DRI according to type of feeding and age. 
 
Age 
(months) 
Type of feeding   
  Iron Intake (mg) % of Iron DRI2 
Breast 
fed 
infants 
(n)=41 
Formula 
fed infants  
(n)=49 
Mixed 
fed 
infants  
(n)=29 
p-
value 
 
Breast fed 
infants 
(n)=41 
Formula 
fed infants  
(n)=49 
Mixed fed 
infants  
(n)=29 
p-
value 
 
  Iron 
(mg) 
  Iron (mg)   Iron 
(mg) 
% of Iron 
DRI  
% of Iron 
DRI  
% of Iron 
DRI  
6-6.9 
months 
0.98 ± 
0.98 
7.75 ± 1.06  4.82 ± 
2.28 
0.31 9.00 ± 8.88 70.30 ± 
9.47 
43.82 ± 
20.78 
0.97 
7-7.9 
months 
4.60 ± 
1.41 
18.01± 
10.76 
4.30 ±0.0 41.80 ± 
12.86 
93.87 ± 
44.17 
39.00 ±0.0 
8-8.9 
months 
1.93 ± 
0.71 
8.36 ± 1.23 3.70 ± 
3.67 
17.55 ± 6.37 75.66 ± 
11.37 
33.56 ± 
33.26 
9-9.9 
months 
2.77 ± 
2.38 
6.65 ± 5.23 4.87 ± 
2.62 
24.96 ± 
21.72 
60.36 ± 
47.59 
44.33 ± 
23.88 
10-10.9 
months 
2.59 ± 
1.72 
6.97 ± 4.94 4.56 ± 
1.40 
23.58 ± 
15.68 
62.90 ± 
44.21 
41.30 
±12.78 
11-12 
months 
3.07 ± 
3.45 
6.64 ± 4.60 3.68 ± 
2.39 
27.58 ± 
31.45 
60.38 ± 
41.65 
33.35 ± 
21.89 
Total  2.75 ± 
2.66 
7.82 ± 5.94 4.23 ± 
2.36 
24.84 ± 
24.23 
65.11 ± 
41.12 
38.38 ± 
21.53 
1Data is presented as Mean ± Standard Deviation (Mean ± SD) and is considered significantly different at P<0.05. 
2. Intake was calculated according to Dietary Reference Intakes DRI (Food and Nutrition Board, Institute of 
Medicine, National Academies, 2001). 
 
Table 5: Anthropometric characteristics of Infants according to sex of infant 
Anthropometric  
Measurements 
Males Females  
P-value Mean ± SD Mean ± SD 
Weight (Kg) 9.56 ± 1.20 8.66 ±1.28 0.54 
Length (cm) 71.54 ± 9.09 70.99 ± 3.79 0.41 
Head circumference (cm) 44.54 ± 1.79 43.05 ± 1.80 0.87 
BMI (Kg/(m)2)1 18.12 ± 1.52 17.03 ± 1.69 0.24 
1Data are presented as Mean ± Standard Deviation (Mean ± SD) and is considered significantly different at P<0.05 
2 (BMI): Body mass index. 
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Table 6: Hemoglobin, mean cell volume concentrations and serum ferritin levels of infants according to type 
of feeding. 
 
Indicator 
Type of feeding  
Breast fed infants 
(n)=41 
Formula fed infants  
(n)=49 
Mixed fed infants  
(n)=29 
P-value 
Hb (gm/l)1 105.43 ±12.04 115.12 ± 9.19 112.89 ± 9.15 0.00 
MCV (fl) 69.95 ± 7.21 71.39 ± 4.40 71.31 ± 5.21 0.44 
Ferritin (ug/l) 28.51 ± 71.43 39.16 ± 41.23 39.68 ± 30.03 0.55 
Data is presented as mean ± SD and is considered significantly significant at P<0.051 
 
Table 7: Incidence of anemia, iron deficiency anemia, and depleted iron stores according to type of feeding. 
Depleted iron stores  Iron deficiency anemia (IDA) Anemia Type of feeding 
n % n % n % 
22 (18.5%) 9 (7.6%) 22 (18.5%) Breastfed 
7 (5.8%) 3 (2.5%) 13 (10.9%) Formula-fed  
4 (3.4%) 0 (0%) 9 (7.6%) Mixed-fed 
33 (27.7%) 12 (10.1%) 44 (36.9%) Total  
Data are presented as number of infants in type of feeding groups with its percentage (%) from the total sample. 
 
Table 8: Incidence of iron deficiency anemia, anemia and depleted iron stores of the infants included in the 
study1. 
Ferritin  MCV Hb  Number of 
infants 
Iron status  
Range Mean ± 
SD 
Range Mean ± SD Range Mean ± 
SD 
    68.00 - 
109.00 
100.34 ± 
8.91 
44 Anemia2 
4.00-
10.00 
6.66±2.01 60.00-
69.00 
64.66±2.42 80.00-
107.00 
95.91± 
8.74 
12 Iron deficiency 
anemia (IDA) 
4.00-
12.00 
8.51 ± 
2.12 
    33 depleted iron 
stores 
1 Data is presented as Mean ± Standard Deviation (Mean ± SD) and its range. 
2 Anemia is defined by hemoglobin < 110 g/l; iron deficiency anemia by hemoglobin < 110 g/l, MCV < 70fl, and 
serum ferritin < 12 µg/l; and depletion of iron stores by serum ferritin < 12 µg/l. 
 
